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Xbs t rac t 

The power output of various electrode p a i r s ,  i n  s a l i n e  and on 
the sk in ,  have been reported. Probable reasons f o r  va r i a t ions  i n  the  
power output have been includcd, A bas i c  minimal power output f o r  
the L'Ig - Ag e lec t rode  pair  has been es tab l i shed  and found t o  be more 
than adequate for telemetry sjTstcns. Electrodes have proved t o  be 
r e l i a b l e  over long periods of t i n e  without spec ia l  maintenance, 

. .  
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Introduction: 

For the p a s t  year experinents have been conducted i n  t h i s  
la5oratory f o r  the  purpose of de t emin ing  the  anount of e l e c t r i c a l  
power ava i la5 le  f ron  various d i s s i n i l a r  netals  placed on the  sk in .  
These s tud ie s  were designed t o  deternine the hest rmte r i a l s  t o  Se 
used as a power source f o r  e lec t ronic  devices such as t e l ene t ry  
s y s t e m s .  
EKG, or other  physiological funct ions,  The e lec t rodes  t h a t  are 
beine s tudied now are ca l led  t h e  power e lec t rodes  and would be 
used t o  generate the  c a r r i e r  s igna l .  Another e lec t rode  leading 
i n t o  the  modulating c i r c u i t  would pick up t rans ie i l t  e l e c t r i c a l  
events i n  the  body such as changes i n  galvanic sk in  response, EIG, 
EEG, o r  s i n i l a r  s igna l s ,  The developnent of miniaturized o r  micro- 
miniaturized e l ec t ron ic  nodules, which require  snall  quan t i t i e s  of 
electrical power, a r e  especial ly  w e l l  adapted f o r  u s e  of t h i s  t y p e  
of power source. 

Such a system could include the  transmission of voice,  

Present t e l ene t ry  systcns a r e  ?owered by  ! )a t te r ies  which have 
t o  :,e ;>sr iodical ly  recharged, Also, these b a t t e r i e s  are prone t o  
sudden f a i l u r e ,  therefore ,  ex t ra  b a t t e r i e s  nust  be taken along t o  
guard aga ins t  t h i s  contingency. 

In view of these f a c t s  , t h e  replacenent of conventional 
3 a t t e r i e s  S y  e l e c t r i c i t y  obtained d i r e c t l y  from clan would appear t o  
Se advantageous. 

This has been accomplished by a t taching  two e lec t rodes  t o  the  
w r i s t  where it is possible  t o  ohtain a continuous output of usable 
e l e c t r i c a l  energy. This e l e c t r i c a l  energy has been used f o r  power- 
ing a t ransmi t te r  which is designed t o  t r a n s n i t  cardiac and resp i r -  
a tory  da ta .  

The e lec t rodes ,  i n  t h e i r  present  f o m ,  are f i t t e d  on the  under 
s i d e  of one watch band, a r e  r e l i a b l e  and a r e  capa5ie of functioriiiig 
f o r  years ,  

I n  the >eginning, enphasis was placed on the  development of a 
5 io loz ica l  f u e l  cell f o r  space use,  This work was conducted i n  pa r t ,  
under NASA contract .  In t h i s  phase of the work, a GE f u e l  c e l l  was 
used t o  study the  nechanisn by t h i s  s y s t e m  was found t o  be dependent 
upon a double c a t a l y t i c  reaction, F i r s t ,  the  i n t r a c e l l u l a r  enzynatic 
react ions necessary t o  chanze the glucose fron a non-fuel t o  a fue l  
and secondly, a physico-chenical oxidat ion of t he  fue l  a t  the  ac t ive  
sites on the  plat inun :ilack e lec t rode  which released e l ec t rons  t o  
the ex terna l  c i r c u i t  (1 ,2) ,  

The f a c t  t h a t  ex t r a  c e l l u l a r  ne taSol i tes  were found t o  3e 
f u e l  c e l l  a c t i v e  l e d  t o  the idea t h a t  a useable quant i ty  of e l e c t r i c -  
i t y  nay be possibly derived from i n t a c t  namials. 
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I n  c f f e c t ,  t h e  an ina l  i s  analagous t o  the f u e l  c e l l  i n  t h a t  
tile ingested food a c t s  as a f u e l ,  oxygen and e l e c t r o l y t e s  are 
present ,  and, the  whole 'jody a c t s  a s  a volune conductor. Therefore, 
i f  two e lec t rodes  were placed i n  the 5ody i n  approiDriate a reas  
where a f a i r l y  l a r g e  difference i n  oxidation reduction po ten t i a l  
ex is ted  a current  would Se expected t o  flow, Fur ther ,  the  quant i ty  
of t h i s  e l e c t r i c a l  energy nay bc enhanced by the use of a c a t a l y t i c -  
a l l y  a c t i v e  e lec t rode  i n  one of the  antonical  l o c i  ( 3 , L " , 5 ) .  

T h i s  concept was t e s t ed  I iy inp lan t ing  electrodes i n  rats,  and 
deternining the powcr ava i la5 le  as a function anatonical  pos i t ion ,  
E l e c t r i c a l  neasurenents were nade Sy iclplaiiting two e lec t rodes  i n  
d i f f e r e n t  parts of thc aninal.  Areas tested were t h e  i n t e s t i n e ,  
per i tonea l  cav i ty ,  subcutaneous, muscle , e tc .  (6) . In subsequent 
experinents,  a calculated output  of 100 n i c ro  wat ts  was obtained 
wheil a s t a i n l e s s  s teel-plat inun !,lac:: e lectrode p a i r  was used. 

These data were s u h i t t e d  t o  an e l ec t ron ic s  engineer for 
evaluat ion as regarcis t o  the usefu l lness  of such s n a l l  quan t i t i e s  
of e l e c t r i c a l  power, A s  a r e s u l t ,  a 500 KC t r a n s n i t t e r  was designed 
which would ogerate  on 0.25 v a t  50 a i c r o  anps or 12.5 n i c ro  watts.  

S t a i n l e s s  steel and plat inun black electrodes were inplanted 
i n  the subcutaneous and per i toneal  half  cells respect ively and t h e  
t r a n s n i t t e r  was attached. I t  was possible  t o  power t h i s  device 
for 0-10 hours without any appreciable drop i n  s igna l  output. 

To prove that  t h i s  ener@;r was dependent upon bio logica l  
a c t i v i t y ,  and not j u s t  an e f f ec t  derived fron the  d i f fe rence  i n  t h e  
e lectrochenical  proper t ies  of t h e  e lec t rodes ,  an aninal  w a s  sacri- 
f iced .  The vol tage output as observed on an osci l loscope f e l l  
s t e a d i l y  a f te r  death and the t r a n s n i t t e r  ceased t o  operate a f t e r  
75 ninutes .  
under a cont rac t  f ron ilatioilal Aeronautics and Space Administration. 

For the  pas t  8 nonths, addi t iona l  work has been conducted 

These da ta  h a v e  'ieen reported i n  quar te r ly  reports  s u h i t t e d  
t o  NASAJ Anes, Palo Al to ,  Cal i fornia  (7a ,bJc ) .  

Inplailted e lec t rodes  are espec ia l ly  idea l  for use i n  exper- 
imental animals or i n  hur-ians where exceptional c i r cms tances  
warrent surg ica l  implantation (hear t  pacers,  c t c , )  

I11 
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However, Iiecause of the surg ica l  procedures required,  these 
e lec t rodes  could not !3e used rout inely i n  named space f l i g h t s .  
Therefore, it was c l e a r  t h a t  ex terna l  e lectrodes had t o  be 
developed before  b i o e l e c t r i c i t y  oStained f ron hunans could !)e put 
ko use without resor t ing  t o  surg ica l  procedures. 

In the pas t ,  nos t  inves t iga tors  have been in t e re s t ed  i n  
studying 3 i o e l e c t r i c  po ten t ia l s  i n  order  t o  understand ‘2asic e l e c t r o  
physiolocical react ions.  They have therefore  gone t o  g rea t  lengths  
t o  be su re  the s i&na l s  recorded were not a f fec ted  ! ~ y  t he  e lec t rodes  
bein.z used, 

This nethod which is exactly opposi te ,  takes  advantage of the  
3ody as a v o l u i x  conductor and enhances the output Iiy t he  deli!lerate 
use 0% d i s s i n i l a r  e lec t rode  n a t e r i a l  . 

IV 
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I 1:Iethod for Evaluation of Electrodc Pairs i n  Sa l ine  
c r 

c 
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The various cletals used i n  t h i s  study wcre cut  iron l a rgo  
pieces  of s tock i n t o  th rcc  s i z c s ;  4, 9 ,  and 1 G  ccn t inc t c r s  square. 
Zlcctrodc pa i r s  of thc  sane s i ze  were imiersed i n  0.3% s a l i n e  and 
polar iza t ion  curves wcrc o!Jtaincd i n  the following nanner: Wire 
l cads  at tached t o  t!ic inncrscd e lcc t rodcs  were plugged i n t o  a 
dccadc res i s tance  box, Thc resis tance box was connected t o  a rc- 
cording v o l t  nc te r .  
by  a s t c p  wise drop i n  thc  rcs i s tancc  i n  thc  c i r c u i t  which resul ted 
i n  a concomitant  voltage drop. 
cu la t c  t hc  nunllcr of ar-ipercs and then t o  p lo t  tlic po lar iza t ion  
curves. 
This proccdurc was rcpcatcc! with c lcc t rodc  s c t s  of d i f f e r e n t  s i zcs .  

ga ta  for polar iza t ion  curves wrc obtained 

Thcsc valucs wcrc used t o  Gal- 

‘Ric power output vias o5taincd Sy using the  a:>ovc da ta ,  

Charts No. 1 and Ho. 2 show thc  naxinun power output avsragcs 
for thc  polar iza t ion  curvcs. 
for conparison with valucs obtained when thc  sane s c t  of c lcc t rodcs  
werc placccl on thc  skin.  Thc r e s u l t s  show t h a t  currcnt  dcnsi ty  
is  af fec ted  by thc a rca  of the c lec t rodcs  but is not  s t r i c t l y  
l i n e a r .  

Thcsc data wcrc used as a l x s c l i n c  

I1 ;.lcthods for Evaluation of Elcctrodc Pa i rs  on thc  Skin 

Elcctrodc p a i r s  of the s m c  s i z c  wcre covered wi th  c lcc t rodc  
pas tc  and placcd op los i t c  cadi  o ther  on thc  wrist of a hurmn. 
Thcsc a lcc t rodcs  wcre hqld i n  placc b;7 ru5bcr EKG banCs. ;Ictal  
t i p s  protrucling throuEh thc  5nnds wcrc used a s  an attaclment for 
t he  lcads t h a t  wcre pluggcd i n t o  a dccadc rcs i s tancc  box. Data 
€or polar iza t ion  Eurvcs wcre obtainccl i n  thc  sanc n a m c r  as dc- 
s c r i k c l  abovc, For cacfi pair  of clcctrodes, of i~ p a r t i c ~ l ~ r  size, 
this proccdurc was rcpcatcd on t h rcc  d i f  f c rcn t  ind iv idua ls  of ’loth 
ScjCcS ( t o t a l  3 scts of clata) . 

C h a r t s  N o ,  3 sac: PTo. ~1 5hOw t h c  anount 
fror.1 various clcctrodc p a i r s  and s i z c s  . ‘Tiic 
the  current  vias g;cnemlljr clepcndcnt upon thc  
5 u t  was not a% a l l  l i n e a r .  Thcsc var ia t ions  
b y  poor contact  with the  s k i n ,  

Coclparison of the  charts show thc povar 
s e t  of c lcc t rodcs  followcc: the sai.ic order i n  

of powcr obtainablc  
cinia iiiiiicats tliiit 
area of thc  clcctrodc 
nay hnvc been causcd 

output f o r  an57 onc 
iJOvJCr output t h a t  was 

o5scrvcc.l i n  the  s a l i n e  cxpcrincnts . The lower valucs obtained 
Bron thc skin nay bc a t t r i bu ted  t o  a higher i n t e r n a l  inpcdance 
which is  a funct ion of the sicin res i s tance  and e l e c t r i c a l  contact.  
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I n i t i a l  experinents showed no appreciable d i f fe rences  i n  power 
output values when the  e lcc t rodes  werc placcd on the sane am or on 
d i f f e r e n t  ams o r  on any o the r  pa r t  of the body i . e . ,  am and leg .  
Subscquent experinents conducted under more cont ro l led  conditions 
ind ica t e  t h a t  minor va r i a t ions  existed.  

Three e lec t rode  pairs, t h e  negative e lec t rode  (16 cn2) and 
the  nore pos i t i ve  e l ec t rodes  Brass, SS-310 and Cu ( 1 G  cn2), were 
chosen because they gavc the h&ghest power output i n  previous 
experiments. Each p a i r  of e lec t rodes  w a s  covered with elcctrode 
pas t c  and placed a t  d i f f c r e n t  sites on t h c  e x t r e n i t i c s ,  &:e., the 
sane am, d i f f e r e n t  ams or an  am and a lee;. 
were run i n  t he  sane nanner as described before i n  I. 

Po la r i za t ion  curves 

C h a r t  No. 5 shows the loca t ion  of t he  e lec t rode  p a i r s  and peak 
powcr output value$ obtained on a n a l e  and a fenale.  
i n  t h i s  cha r t  shows tha t  thc best a r r angemnt  of t h c  c lec t rodes  f o r  
convenience and high output was on t h e  saae am one inch apart. 
Sone of thc o the r  sets gavc higher powcr output ( i n  the case of the 
na lc )  ‘Jut wearing c lcc t rodes  on an am and a l e g  for even s h o r t  
periods of t i n e  proved t o  be vcry cube r sone .  
of t h e  following expcr inents ,  the standard procedurc was t o  use t h e  
Llg - 3rass e lec t rode  pa i r  on the w r i s t  1 inch apa r t .  

Data presented 

Thercfore,  i n  nos t  

I V  Elimination of dircct electrode-skin contact 

During the extensive t e s t i n g  of t h e  IIIg; - i3rass e lcc t rode  p a i r  
it was noted t h a t  the  Mg e lec t rode  caused i r r i t a t i o n s  t o  thc skin.  
Therefore, i t  was dcciclec! t h a t  the electroclcs should !IC rcnoved f ron  
d i rec t  contact w i t h  the skin.  Attempts t o  c s t a b l i s h  an i n d i r e c t  
electrode-skin contac t ,  y e t  r e t a i n  a d i r e c t  e l e c t r i c a l  contac t ,  r e su l t cd  

rubber was f ixcd  around t h e  p c r i p h e r y  of both electroclcs . The space 
between the electrode sur face  and t h e  sk in  w a s  f i l l c d  w i t h  e lec t rode  
pastc. 
direct  clectrode-skin contact values. Next paper towcling and f e l t  
were c u t  i n t o  squares siigiiiiji Iiii-Ger than thc c l c c t r c d z ~ ,  These 
naterials were sa tu rn tcd  w i t h  NnC1 so lu t ion  and placcd bctwecn the  
e l ec t rodes  and t h e  s::i:i. Values obtained f ron these experincnts 
were conparia5le t o  thc porver output obtained wi th  the gaskcts. 
F ina l ly ,  desirable e l e c t r i c a l  contact w i t h  no apparent s k i n  i r r i t a t i o n  
w a s  effected by p lac ing  picces of gauze treated w i t h  NaCl so lu t ions  
or elcctrode paste a t  t h e  skin-electrode in t e r f acc .  

fn f ~ ~ ~ ~ ~ ~ ~ g  .--l--+n+i aL,upeHYI..-.G. nnc- First, z 2 m thick gasket of s i l i c o n e  

Polar iza t ion  curves mere very nuch lowcr i n  conparison w i t h  t h e  

C h a r t  No, 6 gives pcak power output values f o r  gauze sa tu ra t ed  
w i t h  NaCl so lu t ions  and Chart NO, 7 gives values for gauze pads 
treated with electroclc paste .  

-2- 
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Attenpts t o  repeat these cxpcrincnts rcsultcc! i n  apprecia5lc  
va r i a t ions  i n  the polar iza t ion  cmrvcs, Using the - 3rass clectrocle 
p a i r  ( 1 G  cn2 patches) and gauze sa tu ra t ed  with NaC1 so lu t ions  as 
e l e c t r o l y t e  , po la r i za t ion  curves were run i n  t r i p l i c a t e  on various 
ine iv icua ls .  3cfore t h c  stakt of each curvc the  sur faces  of the  
elcctrocles werc clcancd (rg was f i l e d )  and the  skin was thoroughly 
r insed off t o  renove residues of c l c c t r o l y t e  fron previous cxperiuents.  
I n i t i a l l y  the corrosion and tarnishing of the  electrodes was considered 
t o  S e  a var iab le ,  however, a series of experinents showed t h a t  t he re  
was no s i g n i f i c a n t  chance i n  power oueput when the e lec t rodes  had not 
5ecn clcaned f o r  ncarly a year, 

Chart N o ,  I) shows the var ia t ions  encountcrcd anong th ree  ind i -  
viduals  having polar iza t ion  curves run on then under exact ly  the 
sane condi t ions,  Chart No, 9 shows the  va r i a t ion  bctneen two indi -  
vic!uals and a l s o  shows how an i n d i v i d a l  h inse l f  nay vary. Data on 
t h e  male shows va r i a t ion  anonf; 3 valucs obtained i n  thc  norning and 
again f o r  t hc  th rec  values obtained i n  the  afternoon. (cont inual ly  
r i s i n z )  . 

S i n i l a r  expcrincnts using thc  gauze pads t r ca t cd  Orith e lec t rode  
pas tc  gave the sane r e s u l t s  as above. 
adaptat ions werc dcviscc: and tes ted  i n  an a t t cnp t  t o  c:etcrnine the  
causes of these var ia t ions .  F i r s t  thc  gconetry of the e lec t rodes  was 
a l t e r e d ,  because it vas f c l t  t h a t  watcEiand typc c lec t rodes  ( C  x 2 cn 
1 6  CCI ) would f i t  t he  contours of d i f f e r e n t  a m s  nore adequately than 

2 t he  squarc patches ( 4 3: 4 = 1G CT;~ ) and thcreforo a f fo rd  S c t t c r  
contact.  
t h i s  aclaptation has lead t o  higher power output. 
e lec t rode  w 3 s  subs t i t u t ed  for the 3rass cloctrodc bccause it was f c l t  
t h a t  a pure n e t a l  e lcc t rode  would 5e nore dcsira!3lc t o  work with i n  
thcsc  s tud ie s  than an a l loy .  Thirdly,  it was f e l t  $hat thc  cleaning 
of thc  Mg e lcc t rode  ' j y  filinC; n ight  ac tua l ly  :,c changing the  sur facc  
a rca  s ign i f i can t ly .  'Riercfore , f i n e  sandpaper was used t o  pol i sh  the  
sur face  of t he  e lec t rode  t o  insure constant surface area. The loca t ion  
of the e lec t rodes  on the a m  was never changcd i . c .  , the  Ng was never 
placed where the  A g  elcctroc!c had Seen previously,  c t c .  Lastly, ihc. 
EinOULit of e l e c t r o l y t e  usod was neasured anc! kcpt  constant ,  
of these  new adaptat ions i n  conjunction w i t h  the  tcchniques dcscribed 
'Jefore,  clid not howcvcr , appreciably control  the  var ia t ion .  

Thercforc, thc following new 

2 

Tcsts  havc shown t ha t  i n  the  case of fcnalcs  ( s n a l l e r  w r i s t s )  
Secondly, a s i l v e r  

The use 

The possible  cxis tcncc of sone type of equi l iSr iun  5etween the  
electroc!es , sk in ,  sild c l c c t r o l y t e  was invest igated.  An i nva r i an t  
s c r i c s  of data  would !>e cxpectcd i f  sone t ype  of cquilibriurn. d i d  ex i s t .  
A ncw protocol was clcvclopecl t o  study this hypothesis. 
washcc'. i n  w a r n  water t o  renove o i l  or soap aud perhaps open the pores. 
Two n l s  of e lec t rode  paste  were appl ied t o  the  arcas where t he  
elcctrodos wcre t o  ';c placed and rubhecl i n t o  the s!:in f o r  a f e w  ninutcs .  
Gauze pads the  sanc shape of the electrodes but a l i t t l e  l a r g e r  were 
placed over thcsc  a r c a s ;  the  excess paste  was absorbed by these  pads. 
The e lec t rodes  were placed over the gauze s t r i p s  and a po la r i za t ion  

The a m  was 

-3 - 
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curve was run. Af te r  t he  curve was run only the  e lec t rodes  were 
removed, cleaned and nothing else was disturSed. The e lec t rodes  were 
replaced making su re  t h a t  no e l e c t r i c a l  connection e x i s t s  between then 
except s k i n  i t s e l f .  Over a period of 1 hour four  nore curves were run. 
This i n t e r v a l  was a r b i t r a r i l y  chosen as the  anount of curves necessary 
t o  reach equilibrium. Assuning equ i l ib r iun  has Seen reached, t he  
e l e c t r o l y t i c  nedia was rejuvenated by adding 1 n1 of e lec t rode  pas te  t o  
each area. Three nore curves were run as before  and t h e i r  resul ts  were 
conpared f o r  constancy , 

Chart No. 10 shows the  t rends for t h ree  days on t w o  ind iv idua ls  
(male and fenale) .  
i , e , ,  peak values f o r  t h e  f i v e  curves before equ i l ib r iun  and then €or 
t he  th ree  the rea f t e r .  Data f o r  t h e  second and t h i r d  day show peak 
values only f o r  the  th ree  curves run a f t e r  equi l ibr iun .  

Data given f o r  the  f i r s t  day show t h e  e n t i r e  trend 

h s imi la r  study using gauze pads sa tura ted  with 10% N a C l  so lu t ion  
gave the  sane t rend > u t  t he  power output values were nuch lower. These 
data are presented i n  Chart No. 11. 

The e f f e c t  of dissolved ;Ig s a l t s  on equilibrium i n  t h i s  system 
was a l s o  invest igated.  Experiuents i n  which t h i s  n ix tu re  was placed 
under the  r.1~; e lec t rode  (p l a in  e lec t rode  pas te  under the  Ag) and then 
under the  Ag e lec t rode  (p l a in  pas t e  under Kg) and then under 50th 
e lec t rodes  showed no apparent a f f e c t  on the  equi1i:iriun t i n e ,  

V Inves t iga t ion  of o ther  possible  E lec t ro ly t e s  

I n  order  t o  see i f  another e l e c t r o l y t e  Ixdides  NaCl so lu t ion  
n igh t  increase the  power output of t he  e lec t rodes ,  gauze pads were 
sa tu ra t ed  with various concentrations of ICC1, 3o r i c  ac id  (weak ac id) ,  
an& Na:IC03 (weak base) so lu t ions  and t e s t e d  with the  e lec t rodes .  Power 
output values indicated tha t  none of these  so lu t ions  gave any increase 
i n  ?ewer when conpared with NaCl so lu t ions ,  

Additives t o  p l a in  electrode pas te  were t e s t e d  t o  see i f  they 
increased power output. Known anounts of c r y s t a l l i n e  ICC1, c r y s f a l l i n e  
N a C l  and a 25% so lu t ion  of NaCl were added t o  p l a i n  e lec t rode  pas te ,  
C-auze psrlc t r e a t e d  with these n ix tu res  were t e s t ed  with t h e  e lec t rodes ,  
Polar iza t ion  curves were run and the  power output observed was nuch 
less than obtained with p l a i n  e lec t rode  pas t e ,  

An a t t e n p t  t o  use s k i n  lo t ions  with addi t ives  2s t h e  e l e c t r o l y t i c  
nedia was tested. ileasured anounts of c r y s t a l l i n e  KB1 and c r y s t a l l i n e  
IdaCl and a so lu t ion  of 25% NaCl were nixed with the  s k i n  l o t i o n ,  gauze 
pads t r ea t ed  with these  n ix tures  were t e s t ed  with the e lec t rodes .  Again 
po la r i za t ion  curves indicated t h a t  these s y s t e m  did ilot appreciably 
increase  power output when conpared with p l a in  e lec t rode  pas t e ,  

-4- 
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C .  
Discuss ion  

Discrepancies i i l  power output a s  a function of e lec t rode  area 
have been observed i n  s a l i n  as well a s  on the sk in .  For instance,  
Chart 2 shows t h a t  t he  3 CD Fe - Brass e lectrode p a i r  a s  being 
hieher  than the 16  cn2 (1,000 u,a. VS. 650 u.a.). 
be caused by Polar iza t ion  of the e lec t rode  o r  b y  connection of the  
a l l i g a t o r  c l i p s  with the  sys ten  v i a  the s a l t  so lu t ioa .  Every pre- 
caut ion was taken t o  e l i n i n a t e  t h i s  p o s s i b i l i t y  but  the e l e c t r o l y t e  
nay have, by cap i l l a ry  ac t ion ,  forned an i n v i s i 5 l e  ' )r idge,  This 
would r e s u l t  i n  the  neasurenent of a nixed po ten t i a l .  

5 
This va r i a t ion  nay 

Chart 4 shows sone values f o r  e lectrodes on the  wrist, For 
exanple, 4 cn2 Pt - Fe electrodes gave nore power than the  0 cn2. 
Further  the 0 cn2 was higher than the  1 G  cn2 (5G u.a., 27 u.a., 20 u.a,  
respec t ive ly) ,  Variat ions in contact with the sk in  v i a  the  e l e c t r o l y t e  
could produce these discrepancies.  
e l i n ina t ed  by using a watch s t r a p  type of e lectrode.  

These var ia t ions  were e s s e n t i a l l y  

The power values f o r  sone e lec t rode  p a i r s ,  char t s  1 through 4, 
were so l o w  t h a t  no data  were reported. 

Skin i r r i t a t i o n  was eliminated by the  u s e  of a gauze patch between 
t h e  sk in  and the  e lec t rode .  The i r r i t a t i o n  t h a t  was o!,served e a r l i e r  
w a s  ascribed t o  s n a l l  nicks i n  the  s!rin which were produced by n u l t i p l e  
appl ica t ion  of these electrodes t o  the  sane a rea .  The burning sensat ion 
was proSahly caused ! ~ y  the  contact of e l e c t r o l y t e  with these denuded 
a reas .  

Recent s tud ie s ,  usinC; an  15g - PAg e lec t rode  > a i r ,  were conducted t o  
de te rn ine  the cause of va r i a t ion  i n  power output. It was possible  t o  
obta in  r e l a t ive ly  l a r g e  var ia t ions  fron the sane person on the sane 
&a57 i i s i n E  the  sane e lec t rodes .  Experinents showed tha t  these var ia t ions  
s t i l l  occurred whether t he  electrodes remained i n  place for i 5  ninuius 
or one hour. 

As can be seen from Chart 10 and Chart 11, it was possible  each 
day t o  reach equili!:rlun with one yai-tfciilar i z d i v i d u d  , 
polar iza t ion  curves run oil lnales or fena les  !)ecane constant.  However, 
i t  was noted t h a t  these  constant values var ied from day t o  day for an 
individual  and there  was var ia t ion  mong the data  obtained Oron 
ind iv idua ls  (male or fenale)  t r i e d  the  sane day, The reasons why 
the  constant v a l u e s  obtained from a p a i r  of e lectrodes used on the  
same individual  under the  sane conditions (equi l ibr iun ,  e t c . )  should 
vary f ron  day t o  day is a matter of speculat ion a t  t h i s  t i n e .  Since 
W e  are aasuming t h a t  w e  have a sys ten  i n  equilibrium when the  curves 
and power output become constant,  the  va r i a t ion  noted seens t o  point  t o  
changes i n  the equi l ibr iun .  
which could e i t h e r  f a c i l i t a t e  o r  inhabi t  the  a5sorgtion of the  

A t  this point  

Osmotic pressures present i n  the t i s s u e ,  

-5 - 



8 .  
e l e c t r o l y t e  i n t o  the  s k i n  and hence s h i f t  the equilibrium one way o r  
another,  a r e  c e r t a i n  t o  vary fron day t o  day. A da i ly  va r i a t ion  i n  the  
quant i ty  of the  corn i f ied  squamous epithelium nay have a l s o  influenced 
the  aSsorption of the  e l ec t ro ly t e  through the  $Bin and therefore  e f f e c t  
the  power output.  These ideas  i n  conjunction with the  physiological 
d i f fe rences  t h a t  e x i s t  Setween indiv idua ls t  sk in  are probable explana- 
t i ons  f o r  var ia t ions  observed i n  these s tud ie s .  

However, a t  any rate it has been es tab l i shed  t h a t  120 p.a. a t  0.85 
v o l t s  can be obtained f ron  electrodes of ?.le; and Ag a f t e r  a years usage. 
Over t h i s  period of tine these e lec t rodes  were never cleaned, The 
above values are e s s e n t i a l l y  t h e  sane as f o r  the cleaiied e lec t rodes ,  

A power outsu t  of 120 p , a , ,  90 p.w.  i s  constant and is  ce r t a in ly  
adequate f o r  powering a te lene t ry  s i s t e n .  
( r e f .  a ) ,  s t a t e s  t h a t  he has developed a telemetry s y s t e m  which uses  
only 10 p . w ,  Values obtained f ron  external  e lectrodes f a r  exceed 
t h i s  requirement. 

Flr. T. Fryer,  NASA, Anes 



-, 

.. Pro:ilen Areas 

1. Variation i n  power output s t i l l  ex i s t  but has h e n  considerable 
s t a b i l i z e d ,  

2 .  Work on the  telemetry systen has 3ogE;ed down due t o  the 
unava i l ab i l i t y  of t h e  e l ec t ron ic s  engineers. 
p ro j ec t  was l i m i t e d  therefore ,  it was inposs ib le  t o  r e t a i n  more 
knowledgeable p r s o m c l .  

Funding for t h i s  

-7 - 



Future Work 

c 

1. Additional s tud ie s  concerning the causes of va r i a t ion  i n  povrer 
output nay bc cxtcncled. 
power output rangc has Seen es tab l i shed  which f a r  exceeds nin- 
inun. rcquirenents for a tc lcnc t ry  systcn,  

On the  o ther  hancl, a bas i c ,  r e l i a b l e  

2. The 2cvclopnent of a tc lenc t ry  systen using th i s  p r inc ip l e  
should be devcloped under a j o i n t  cont rac t  with IIahnenann 
i.lec!ical Collcge and sonc profcssional  e l ec t ron ic s  f im. This 
sys ten  should be designed t o  Bcleneter voice,  ECG and resp i ra t ion .  

-8 - 
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Chart G 
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Gauze Pads Saturated with NaCl Solutions 
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Chars 3 

Variat ion b o n g  Throe Individuals 

Gauze saturated with 5% NaCl 

Chart 9 
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